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8758260414 o Lu i RiERE R Kocmok, -
| | R T o LR 1 .4 Emeumaa
-0.0. EpyHKa

£0peTHYECKOe HCCIIEN0BAHNE e CTBHS HOHH3HPYIOMEro
Iy9EHHs HA KOHCTPYKIMOHHbIE MATEPHAJILI H 00pa3oBaHHe
- HAHOCTPYKTYP B aJIlOMHHHEBOM ciiaBe J{16T

#aUuoHabHBIL aspoKocMuyeckull yHueepcumem um. H. E. XKykoeckozo
- «XapbKOBCKUU aguayUoHHbIU UHCMuUmMym»
HauyuoHanbHbIl asuayuoHHbIU yHusepcumem, 2. Kues

owoaefpewenuﬂ COBMECTHOW 3a4adu TennonpoBOAHOCTU U TEPMOYNPYrocTu B 30HE Aeii-
i NasepHOro u3ny4YeHus uccnenoBaHbl NoONa TemnepaTyp, TEMNEPaTyPHbIX HanNpPsHKeHWIA,
, A pOCTa TemnepaTypbi U C y4EeTOM KpuTepres 06pa3oBaHUs HAHOCTPYKTYP onpeaeneHb
PDEXTUBHLIE TEXHONOrUYECKUE NapaMeTpbl AN NONYYEHNS HAHOCTPYKTYP. Mo 06bEMaM HaHO-
D onpejeneHbl pasMepbl 3epHa, YTO NO3BONUNO OLUEHUTb 3MdPEeKTUBHbIE TexXHONoru4ye-
napaMmeTpbl, HeobxoguMmble ANA NONyYyeHUs HaHOCTPYKTyp. MokasaHo, YTO NonyYeHHbIe
DYKTYPbl MOTyT CyLECTBEHHO NOBbLICUTb (PU3NKO-MEXAHNYECKUE XapaKTEPUCTUKU WHCTPY-
TANbHOW CTanu Y12, 4To NO3BONUT MCNONbL30BATL €& BMECTO ObiCTpopexyLymx cTanei.

eble cs108a: IPPEKTUBHOCTD nony4YeHus HaHOCTPYKTyp, NONA TemnepaTtyp, TeMnepaTyp-
mpﬂxenna CKOpPOCTb pOCTa TeMnepartypbl, pasmep 3epHa, 06b&m 3epHa.

r 9

Béep,_euue

D BCEM Mupe Gonbluoe KONMYECTBO Na3epHbIX YCTAHOBOK HE HaxXoasaT addek-
PPMMEHEHUSA, TaK Kak MosBNAlTCA 6onee coBeplUeHHble, K UCNONb30BaHUIO
DEMATCA NPOM3BOAUTENM, @ UCMOMNb30BaHWE 3TUX YCTAHOBOK ANS nonyve-
pETpyKTYp (HC) mMOoXeT AaTb UM BTOPYIO XU3Hb. HAaHOCTPYKTYpbl MOryT cylie-
WBENUYNTb MSHOCOCTOMKOCTb 33 CHET MOBLILLEHUSI MUKPOTBEPAOCTU NOBEPX-
? cnos. [NosbilweHne npegena TekyyecTW yBENWYUT BO3MOXHOCTb BOCMPUHK-
2 U3rubHble Harpysku, a obpasoBaHue CNosA C OCTAaTOYHBLIMU CXUMAIOLLN-
BOKEHNAMW -MOXET MNOBbLICUTb YCTANOCTHYIO NPOYHOCTb. [pUMeHeHWe HaHo-
) CHIDKaeT MOAYNb YNPYrocTu, YTO No3sonseT paboTaTb maTtepuany C BbICOKU-
BATENbHLIMU NEepeMeLLieHUAMM, NPU4EM CHATUE Harpyski He AacT U3MEHEHUs
#Dam, HM cBOMNCTBaM MaTtepuana.

__ 310 CBUAETENLCTBYET O BO3MOXHOCTU UCNONb30BaHUA Pe3ynbTaTos AaHHO-
BOBaHUA B MALLMHOCTPOEHUW. - ' |
i9oTa BLINONHEHa B paMKax Nporpammbl MuHucTepcTea 06pasoBaHmus U Hayku
| sHoBble u pecypcocbeperalolLe TEXHOMNOMMN B 3HEpreTuKe, NPOMbILLIEHHO-
JONPOMBILLINEHHOM KoMnnekce» (noacekums 13 «A3poKOCMUYECKAn TEXHUKA U
i) 1 no Temam: «Co3sfaHne pU3NKO-TEXHUHECKUX OCHOB MOBLILLEHUS Kaye-
EPManoBs adpOKOCMUYECKUX KOHCTPYKUU» U «PaspaboTka TexXHONOrn4eckux
SErPUPOBaHHbIX TEXHOMNOrMMIA NNasMeHHO-UOHHOW 06paboTkn peTtanei aspo-
MO TexHuku» (nopacekums 6 «dusnko-TexHnyeckue npobnemsl MaTepuanose-
KOHUenUua co3faHua HaHOCTPYKTYP, HAHO- U TPaAWLIMOHHbLIX NOKPLITUNA C
BMsAHNA aaresun Ha achheKTUBHOCTL U paboTocnocobHocTb aetaneit AT, Al n
2PUMEHTaNbHO-TEOPETUYECKOE WUCCNEAOBAHUE MNOMYYEHUS HAHOCTPYKTYP

SIEMM MOHHbIX 1 CBETONy4YeBbIX NMOTOKOB Ha KOHCprKLlMOHHble mMaTtepuans! u
BOrOBOPHbLIX paboT U AOrOBOPOB O COTPYAHUYECTBE.
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OTKpbiThbie UHPOPMALMOHHBbIE N KOMMbIOTEPHbIE uHTérpnposaHHueTanm Ne 74 2016

~ WccnenosaHbl 3aBUCUMOCTU TEMNEPATYPHbIX HaNpsHXeHWH B 30HE ASHCTBNA Na-
BOr0 U3NYYEHUS Ha MHCTPYMEHTanbHYIO cTanb Y12 OT NNOTHOCTH TENNOBOIO NOTOK 3
)a3HbIX rnyouHax (puc. 3) Npu BpeMEHn AESNCTBUS: a — =10*c. 6-=10"c; B —
Pcr-t=10"c o -t=10% ¢, e - t=10° ¢; x — t=107"° c. Buaso, 4yTo npu GonbLMX
gerax pevicteus JI1 107, 10 ¢-ecTb pexxumsl npu Tennoesix notokax 10'° u, Tem
se 10" B1/mM?, korga Bo3MoxHo nonyyerue HC nopa BnusHUEM ASHCTBUS TEMnepa-
BIX HanpshkeHUin. B ocTanbHbiX pexumax v Ha bonbuwmx rmybuHax ectb BO3MOXK-
& yckopuTb obpasosanune HC 3a cueT TemnepaTypHbIX HanpsHKeHWA U APYrvX Kpw-
- CHumxeHne spemeHun peuctsua JIN npusBoguT K TOMy, YTO NpU BpemMeHaXx
_10° ¢ ecTb peanbHas BO3MOXHOCTb 06pasosanus HC nop aeicrsuem Temnepa-
BeiX HanpsbkeHuid (puc. 3, B, T, A). B To xe Bpems npu Bpemenu aevicteus 107°
"€ NPaKTU4YECKU TONbKO HA NOBEPXHOCTU U TO NpU AEACTBUU TENNOBOro nNoTOKa
B1/M°, ecTb. BO3MOXHOCTb yckopeHus obpasoBanus HC. B ocTanbHbiX pexumax
IEpaTypHble HaNpsHKEHUs! He NPUBOAAT K POCTY ckopocTu obpasosanusa HC.
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OTKpbiTbie MHPOPMALIMOHHbLIE 1 Komnbmémgzmérpnposannue TexHonorun Ne 74,2016

[na skcnpecc-oueHkKu Bosmomuocm nonyqenuﬂ HaHOCprmyp Gbmu nocrpoeHbl
cuMocTn 0O0bEMa HaHoknacTepa OT MAOTHOCTU TensnoBOro noToka Mmun BpeMeHU
neucmmq rae npeacrasneHbl 30Hbl TEXHONOMMYECKUX napameTpos NPU KOTOPbIX
alotcs HC ans pagnyca nstHa 10° m (puc. 6) un paauyce 5-107 m (puc. 7). Bua-
| 4TO 3TU 30HbI OTHOCMTENbHO HEBENWUKK, @ 3HAYUT, U BLIGOP TEXHONOrMYECKUX Napa-
BPOB OCNOXHAETCA TeM, YTO NpU HEeCTabMNbHOCTM TEXHOMOTUYECKUX NapaMeTPOB
¥ BO3MOXHOCTb MOSTy4EHUsi BMECTO HaHOCTPYKTYP CYOMUKPO- U MUKPOCTPYKTYp. Bcé
cauneTeanTByeT O TOM, 4TO HEOBXOAUMO UMETHL Nnasepsbl C YNYYLIEHHbIMU TEXHO-
EW4ECKMMM NapameTpamu ANs YBENUYEHUA 30Hbl TEXHOMOMMYECKUX NapaMeTposB, B
FOPOIA pearibHa BO3MOXXHOCTb Nony4aTb HAHOCTPYKTYPb!.

#c. 6. 3aBucumMocTb 06 BLEMA HaHOKNAa-
¥Epa OT NNOTHOCTU TENNOBOro NoToKa
B3SDHOTO U3NYYEHUA U BPEMEHU ero
ENCTBUA t B 30HE, rae 06pa3y|oTcs=| HaHO-
Dbl (R"'10'6 M) ks IR M- =L

7. 3aBMCMMOCTb 00bEMa HaHOKNa-
Jepa OT NNIOTHOCTU TennoBOro NnoToka
B23eDHOr0 U3NYyYeHUs — g U BPEMEHU ero
geicTBUA t B 30He, rne 00pa3yloTcs HaHo- BERRE
Dbl (R-5 10"m). - et BRI P -y

BbiBOAbLI

> I/Iccnep,osal-me TemnepaTtyp B 30He AEUCTBUA U3NYYEHUS ¥ TemnepaTypHbIX
SanpsHXKeHWA nokasano, YTo eCTb Takue TEeXHOMOrM4Yeckue napameTpbl, NpU KOTOPbIX
DKHO nonyuntb HC nytem peanusaumm Tpebyemoro pawanasoHa Temnepartyp
'f_- JO...1500 K) nnu B cny4ae npeBbileHUs TemnepaTtypHbix Hanpsxkenui Hag 1010 [Ma.
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OTKkpbiTble qu:)opMauuonn_ble  KOMNbIOTEPHbIE UHTErpupoBaHHbIe TexHonorum Ne 74, 2016

o ckopocTu pocra Temnepartypsi npu uccnepoBaHHbIX napametpax JIN 3ToT ke
- BOCTUraeTCcs aBTOMaTUYECKMU. ' |

2. [lokasaHo, YTo NnpumMeHeHue NPOCTPAHCTBEHHbIX KAPTUH 3aBUCUMOCTU OO
HaHOKacTepa oT NNOTHOCTY TENnoBoro .noToka n BpemMeHu ero AencTeus MOXeT

- BOMUTb HAWTU TEXHONOrMYecKne napameTpbl, NPU KOTOPLIX €CTb BEPOATHOCTb ¢
- HUSI HAHOCTDPYKTYp. ' '

W
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E(I)CKTHBHICTB OTPUMAHHS Haﬂochym'yp Ha chpymem'a.ann
- craai Y12 3a paxyuox Al J1a3€PHOT0 Bnupomﬂmnaﬂm

| Ha ocHoBI pilleHHs cninbHoI 3anaq| Tennonpoemuocn Ta Tepmonpyxmocn B 30Hi
naaepHoro BUNPOMIHIOBaAHHA AOCNIMKEHI nons Temneparyp, TEMNEpaTypHUX Hanpy-
#b, LUBUAKOCTEN POCTY TEMNEpPaTypH i, 3 ypaxyBaHHAM KPUTEPIiB YTBOPEHHS HAHOCT-
IXTYD, BU3HAYEHO e(OeKTUBHI TEXHONOrIYHI NapaMeTpu ANS OTPUMAaHHS HaHOCTDYKTYP.
| oﬁemaw HaHOCTPYKTYp BU3HAYeHi po3Mipy 3epHa, WO AO03BONUMO OLIHWATH edek-
BHI TeXHONOorivYHi napameTpu, HeobXiaHi ANA OTPUMaHHA HaHOCTPYKTyp. lMokasaHo,

P OTPUMAHI HAHOCTPYKTYPY MOXYTb iCTOTHO NiABULUMTY (i3MKO-MEXaHIYHI XapaKTepu-

KM IHCTPYMeHTanbHoI cTani Y12, wo Ao3BonuTb BMKopMCToeyeaTu IT 3aMICTb WBKA-
Pi3anbHUX cTanemn. |

Knioyoei cnoea: edeKkTUBHICTL OTPMMAHHA HAHOCTPYKTYp, Nons Temneparyp,
epaTypHi HanpyXeHHs, LI.IBHD,KICTb 3pOCTaHHA TemnepaTtypw, po3mip 3epHa, obcsir

i e
i

Efficient Production of Nanostructures on the Tool
Steel Y12 due to the Action of Laser Radiation

. Based on the decision of joint problem of heat conduction and thermoelasticity in
§er action zone investigated temperature field, thermal stress, temperature and growth
taking into account the criteria of formation of nanostructures defined effective
ghnological options for nanostructures. On volumes of nanostructures defined grain
es, which allowed us to estimate the effective process parameters required to pro-
nanostructures It is shown that the resulting nanostructures can significantly im-
2 the physical and mechanlcal propertles of tool steel U12, WhICh will use it instead
hlgh-speed steels. |

- Keywords: efficiency of production of nanostructures, temperature field, thermal
s temperature growth rate, graln size, the volume of grain.

),
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